Localization of Na+ channel isoforms at the atrioventricular junction and atrioventricular node in the rat.
The electrical activity of the atrioventricular node (AVN) is functionally heterogeneous, but how this relates to distinct cell types and the 3-dimensional structure of the AVN is unknown. To address this, we have studied the expression of Na(V)1.5 and other Na+ channel isoforms in the AVN. The rat AVN was identified by Masson's trichrome staining together with immunolabeling of marker proteins: connexin40, connexin43, desmoplakin, atrial natriuretic peptide, and hyperpolarization-activated and cyclic nucleotide-gated channel 4. Na+ channel expression was investigated with immunohistochemistry with isoform-specific Na+ channel antibodies. Na(V)1.1 was distributed in a similar manner to Na(V)1.5. Na(V)1.2 was not detected. Na(V)1.3 labeling was present in nerve fibers and cell bodies (but not myocytes) and was abundant in the penetrating atrioventricular (AV) bundle and the common bundle but was much less abundant in other regions. Na(V)1.5 labeling was abundant in the atrial and ventricular myocardium and the left bundle branch. Na(V)1.5 labeling was absent in the open node, penetrating AV bundle, AV ring bundle, and common bundle but present at a reduced level in the inferior nodal extension and transitional zone. Na(V)1.6 was not detected. Our findings provide molecular evidence of multiple electrophysiological cell types at the AV junction. Impaired AV conduction as a result of mutations in or loss of Na(V)1.5 must be the result of impaired conduction in the AVN inputs (inferior nodal extension and transitional zone) or output (bundle branches) rather than the AVN itself (open node and penetrating AV bundle).